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LIGHT SOURCE DEVICE, LIGHT SOURCE
MODULE, AND METHOD OF MAKING THE
LIGHT SOURCE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims all benefits accruing under 335
US.C. §119 from China Patent Application No.

200710203223 .8, filed on Dec. 19, 2007 1n the China Intel-

lectual Property Oflice, the disclosures of which are imncorpo-
rated herein by reference.

BACKGROUND

1. Technical Field

The present invention generally relates to light source
devices, light source modules, and methods of making the
light source device.

2. Description of Related Art

Light emitting diodes (LEDs) as solid-state 1lluminating,
apparatuses, are being widely used 1n the 1llumination field to
substitute for conventional fluorescent lamps due to their high
brightness, long service lifetime, and wide color gamut. Rel-
evant subject matter 1s disclosed 1n an article entitled “Solid-
State Lighting: Toward Superior Illumination”, published 1n
Proceedings of the IEEE, Vol. 93, No. 10, by Michael S. Shur
et al. 1n October, 2005, the disclosure of which 1s incorporated
herein by reference.

Referring to FI1G. 9, a conventional light source device 10
includes a lead frame 11, an LED chip 12, and a transparent
encapsulation 13. The lead frame 11 includes a first electrode
111 and a second electrode 112. The LED chip 12 includes a
first contacting electrode 121 and a second contacting elec-
trode 122 opposite to the first contacting electrode 121. The
first contacting electrode 121 1s electrically connected to the
first electrode 111. The second contacting electrode 122 of
the LED chip 12 1s bonded to the second electrode 112 using
a gold wire 14. The first electrode 111 and the second elec-
trode 112 are used to cooperatively supply electrical power to
the LED chip 12. The transparent encapsulation 13 1s used to
encapsulat the LED chip 12, and has a hemispherical light
emitting surface 131. Light beams from the LED chip 12 can
only be emitted through the hemispherical light emitting sur-
face 131. That 1s, the light beams can only emit along a single
direction related to the LED chip 12, so that the light source
device 10 has a small radiation range, which limits applica-
tions of the light source device 10.

What 1s needed, therefore, 1s a light source device, and a
light source module having a large radiation range, and
method of making the light source device, which can over-
come the above-mentioned disadvantages.

SUMMARY

A light source device includes a lead frame, a first solid-
state lighting chip, a first transparent encapsulation, a second
solid-state lighting chip, and a second transparent encapsula-
tion. The first solid-state lighting chip and the second solid-
state lighting chip are respectively located at two opposite
sides of the lead frame and electrically connected thereto. The
first transparent encapsulation and the second transparent
encapsulation respectively encapsulate the first solid-state
lighting chip and the second solid-state lighting chip.

Other advantages and novel features will become more
apparent from the following detailed description of the
present invention, when taken 1n conjunction with the accom-
panying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present devices and methods can be
better understood with reference to the following drawings.
The components 1n the drawings are not necessarily drawn to
scale, the emphasis 1nstead being placed upon clearly 1llus-
trating the principles of the present devices and methods.
Moreover, 1n the drawings, like reference numerals designate
corresponding parts throughout the several views.

FIG. 1 1s a top view of the light source device of a first
exemplary embodiment of the present invention;

FIG. 2 1s a cross-sectional view of the light source device in
FIG. 1;

FIG. 3 1s an equivalent circuit diagram of the light source
device 1n FIG. 2;

FIG. 4 1s a cross-sectional view of the light source device of
a second exemplary embodiment of the present invention;

FIG. 5 1s an equivalent circuit diagram of the light source
device 1n FI1G. 4;

FIG. 6 1s a cross-sectional view of the light source device of
a third exemplary embodiment of the present invention;

FIG. 7 1s a top view of the light source module of a fourth
exemplary embodiment of the present invention;

FIG. 8 1s schematic, manufacturing process of the method
of making light source device of a fifth exemplary embodi-
ment of the present invention; and

FIG. 9 1s a cross-sectional view of the conventional light
source device.

DETAILED DESCRIPTION

Referring to FIGS. 1 and 2, a light source device 20 1n
accordance with a first exemplary embodiment of the present
invention includes a lead frame 21, a first solid-state lighting
chip 22, a first transparent encapsulation 23, a second solid-
state lighting chip 24, and a second transparent encapsulation
25. The solid-state lighting chips 22, 24 are LED chips 22, 24.

The lead frame 21 includes a first electrode 211 and a
second electrode 212. The first and second electrodes 211,
212 are used to cooperatively supply electrical power to the
LED chips 22, 24. The first electrode 211 includes a first
surface 2110 and a second surface 2112 opposite to the first
surface 2110. The second electrode 212 includes a first sur-
face 2120 and a second surface 2122 opposite to the first
surface 2120. The first surface 2110 of the first electrode 211
and the first surface 2120 of the second electrode 212 are
located on the same side of the lead frame 21.

The first LED chip 22 includes a first contacting electrode
221 and a second contacting electrode 222 opposite to the first
contacting electrode 221. The first LED chip 22 1s placed on
the first surface 2110 of the first electrode 211, and the first
contacting electrode 221 of the first LED chip 22 1s electr-
cally connected to the first surface 2110 of the first electrode
211. The second contacting electrode 222 of the first LED
chip 22 1s wire bonded, using a gold wire 26, to the first
surtace 2120 of the second electrode 212.

The first transparent encapsulation 23 is placed on the first
LED chip 22 to encapsulate the first LED chip 22, the gold
wire 26, part of the first surface 2110, 2120. The first trans-
parent encapsulation 23 has a first light emitting surface 231,
and the light beams from the first LED chip 22 are emitted out
of the light source device 20 through the first light emitting
surface 231. The first light emitting surface 231 can be any
curved surface providing a desired pattern of light transmis-
sion therethrough. In the present embodiment, the first light
emitting surface 231 has a hemispherical profile, thus the
light 1s not trapped 1n the first transparent encapsulation 23 by
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total internal reflection (TIR), thereby increasing light emis-
s1on efficiency of the light source device 20. The first trans-
parent encapsulation 23 may be comprised of silicone, epoxy
resin, low temperature melting glass, or other non-opaque
material. In the present embodiment, the first transparent
encapsulation 23 1s comprised of silicone.

The second LED chip 24 includes a first contacting elec-
trode 241, and a second contacting electrode 242 opposite to
the first contacting electrode 241. The second LED chip 24 1s
placed on the second surface 2112 of the first electrode 211.
The first contacting electrode 241 of the second LED chip 24
1s electrically connected to the second surface 2112 of the first
clectrode 211. The second contacting electrode 242 of the
second LED chip 24 1s wire bonded, using another gold wire
26, to the second surface 2122 of the second electrode 212.

The second transparent encapsulation 23 1s placed on the
second LED chip 24 to encapsulate the second LED chip 24,
the gold wire 26, part of the second surface 2112, 2122. The
second transparent encapsulation 25 1s opposite to the first
transparent encapsulation 23. The second transparent encap-
sulation 25 has a second light emitting surface 2351, and the
light beams from the second LED chip 24 are emitted out of
the light source device 20 by the second light emitting surface
251. The second light emitting surface 251 and the first light
emitting surface 231 are located on two opposite side of the
lead frame 21, so the light beams out of the second transparent
encapsulation 25 would substantially emit along a reverse
direction comparing with the light beams out of the first
transparent encapsulation 23. Like the first light emitting
surface 231, the second light emitting surface 251 can be any
curved surface providing the light beams out. In the present
embodiment, the second light emitting surface 251 has a
hemispherical profile. The second transparent encapsulation
25 may be comprised of silicone, epoxy resin, low tempera-
ture melting glass, or the other non-opaque material. In the
present embodiment, second transparent encapsulation 25 1s
comprised of silicone.

The light source device 20 further includes many doping
materials 27 distributed in the first and second transparent
encapsulations 23, 25. The doping materials 27 may be scat-
tering particles, and they are evenly distributed 1n the first and
second transparent encapsulations 23, 25 or congregated to an
area respectively near the first and the second light emitting
surfaces 231, 251. The scattering particles are used to scatter
the light beams transmitting 1nto the first and second trans-
parent encapsulation 23, 25, to improve light uniformity of
the light source device 20. The scattering particles are made
of T10,, plastic, PMMA, fused silica, Al,O;, MgQO, sialon, or
the other transparent nitro gen oxides. The refractive index of
the scattering particles 1s 1n a range from 1.1 to 2.4, and 1t 1s
different from the refractive index of first transparent encap-
sulation 23. In addition, the scattering particles may be
spherical, strip shaped or otherwise.

The doping materials 27 may be phosphor materials, and
they are evenly distributed 1n the first and second transparent
encapsulation 23, 25 or congregated to an area respectively
near the first and second light emitting surfaces 231, 251. The
phosphor materials can be excited by light from the first LED
chip 22 or the second LED chip 24 to emit light of a deter-
mined wavelength. The phosphor materials may be made of
YAGQG, silicate, nitride, or oxide.

The doping materials 27 may be diamond powders, dia-
mond-like powders, or other particles with high thermal con-
ductivity. The thermal conductivity of the first and second
transparent encapsulations 23, 25 1s generally 1n a range of
1~2 W/m-K, but that of the diamond powders or diamond-like
powders thermal conductivity 1s 1mn a range of 300~1000
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W/m-K, so that the first and second transparent encapsula-
tions 23, 25 with the heat conduction particles therein has
high thermal conductivity to more easily dissipate heat gen-
erated by the first LED chip 22 and the second LED chip 24,
improving heat stability of the light source device 20. In
addition, the first and second light emitting surfaces 231, 251
may have protrusions, grooves or other microstructures to
increase the surface area of the first and second light emitting
surfaces 231, 251, to improve the thermal diffusion efficiency
of the light source device 20.

Because, the light source device 20 includes the first light
emitting surface 231 and the second light emitting surface
251 opposite to first light emitting surface 231, light may be
emitted 1n substantially opposite directions. Thus, the light
source device 20 1s a dual light source with large radiation
range.

Referring to FIG. 3, an equivalent circuit diagram of the
light source device 20 connected to a power supply 201 1s
shown. The first LED chip 22 and the second LED chip 24 are
connected 1n parallel. The first electrode 211 and the second
clectrode 212 are respectively connected to the power supply
201. The power supply 201 1s used to supply power to the first
LED chip 22 and the second LED chip 24.

The power supply 201 may be a DC power source or an AC
power source. If the power supply 201 1s a DC power source,
the power supply 201 can drive the first LED chip 22 and the
second LED chip 24 to be Iit at the same time. I1 the power
supply 201 1s an AC power source, the first LED chip 22 and
the second LED chip 24 can be shifted for lighting synchro-
nously under the forward voltage of the AC power, and be
shifted off synchronously under the inverse voltage of the AC
power. Because the frequency of domestic AC power sources
generally ranges from 50 Hz-60 Hz 1s faster than the 30 Hz
limait that can be detected by humans. Therefore, 1t will appear
that the LEDs 22, 24 are continuously lit.

Referring to FIG. 4, a light source module 30, 1n accor-
dance with a second embodiment, 1s provided. The light
source module 30 1s similar to that of the first embodiment,
except that the first LED chip 22 1s placed on the first surface
2110 of the first electrode 211. The first contacting electrode
221 of the first LED chip 22 1s electrically connected to the
first surface 2110 of the first electrode 211. The second con-
tacting electrode 222 of the first LED chip 22 1s wire bonded,
using a gold wire 26, to the first surface 2120 of the second
clectrode 212. The second LED chip 24 1s placed on the
second surface 2122 of the second electrode 212. The first
contacting electrode 241 of the second LED chip 24 1s ¢lec-
trically connected to the second surface 2122 of the second
clectrode 212. The second contacting electrode 242 of the
second LED chip 24 1s wire bonded, using another gold wire
26, to the second surface 2122 of the first electrode 211.

Referring to FIG. 5, an equivalent circuit diagram of the
light source device 30 connected to a power supply 201 1s
shown. The first electrode 211 and the second electrode 212
are respectively connected to the power supply 201.

If the power supply 201 1s a DC power source, the power
supply 201 can drive the first LED chip 22 or the second LED
chip 24 lighting. If the power supply 201 1s an AC power
source, the first LED chip 22 and the second LED chip 24 can
be respectively shifted for lighting under the forward voltage
and the mverse voltage of the AC power, such as, the first LED
chip 22 lighting under the forward Voltage while the second
LED chip 24 off, the first LED chip 22 ofl under the inverse
voltage while the second LED chip 24 lighting. Because the
first LED chip 22 and the second LED chip 24 are not kept lit
continuously, less heat 1s produced, thus the light source
device 20 has low working temperature, and the electro-
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optical efficiency of the first LED chip 22 and the second LED
chip 24 1s high. In addition, the first LED chip 22 and the
second LED chip 24 may be tlip-chip bonded on the lead
frame. And the first transparent encapsulation 23 and the
second transparent encapsulation 25 may be integrally
formed.

Referring to FIG. 6, a light source module 40, 1n accor-
dance with a third embodiment, 1s provided. The light source
module 30 1s similar to that of the second embodiment, except

that a first LED chip 42 and a second LED chip 44. The first

LED chip 42 includes a first contacting electrode 421 and a
second contacting electrode 422 parallel with each other

away from the first surface 2110 of the first electrode 211. The

first contacting electrode 421 and the second contacting elec-
trode 422 are respectively wire bonded to the first surface

2110 of the first electrode 211 and the first surface 2120 of the
second electrode 212. The second LED chip 44 includes a first
contacting electrode 441 and a second contacting electrode
442 parallel with each other away from the second surface

2122 of the second electrode 212. The first contacting elec-
trode 441 and the second contacting electrode 442 are respec-
tively wire bonded to the second surface 2122 of the second
clectrode 212 and the second surface 2112 of the first elec-
trode 211.

Referring to FIG. 7, a light source module 50, in accor-
dance with a fourth embodiment, 1s provided. The light
source module 50 includes a number of light source devices
500, which connected in series. The light source devices 500
cach 1s similar to that of the first embodiment, except that the
light source device 500 includes a conducting wire 510 and
two connectors 520. The conducting wire 510 1s juxtaposed
with the lead frame 530. The conducting wire 510 1s insulated
with the lead frame 530. The conducting wire 510 has a first
end 3512, an opposite second end 514, and an intermediate
portion embedded 1n at least one of the first and second
transparent encapsulations which are similar with that 1n the
first embodiment. The first end 512 and the second end 514 of
the conducting wire 510 are exposed outside this first trans-
parent encapsulation and the second transparent encapsula-
tion which are similar with that in the first embodiment.
Moreover, the first end 512 of the conducting wire 510 and the
first electrode 331 cooperatively form a {irst connector termi-
nal, and the second end 514 of the conducting wire 310 and
the second electrode 332 cooperatively form a second con-
nector terminal. The connector 520 1s configured for electri-
cally coupling a first connector terminal of one light source
device 500 to a second connector terminal of another adjacent
light source device 500. In the present embodiment, the light
source module 50 further includes a loopback 52, the light
source devices 300 are connected 1n series to form a light
source assembly, and the loopback 52 is electrically coupled
to the first connector terminal of the light source device 500 at
one distal end of the light source assembly. The second con-
nector terminal of the light source device 500 at another distal
end of the light source assembly 1s configured for electrical
connection to a DC or AC power supply.

The light source module 50 may include a number of light
source devices 20 1n accordance with the first embodiment
which connected 1n series. The electrodes of light source
devices 20 which located at two ends of the light source
module 50 may connect to a power supply, to drive the light
source module 50 lighting.

The light source devices 500 of the light source module 50
can also be connected with each other by the other modes,
such as parallel mode, series-parallel mode.
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Referring to FIG. 8, a method of making the light source
device, 1n accordance with a fifth embodiment, 1s provided.
The method 1ncludes:

(1) providing a first LED chip 22 and a lead frame 21 has a
first electrode 211 and a second electrode 212, the first LED
chip 22 includes a first contacting electrode 221, and an
opposite second contacting electrode 222; agglutinating the
firstelectrode 211 of the lead frame 21 and the first contacting
clectrode 221 of the first LED chip 22 to form electrical
connection; welding a gold wire 26 on the second contacting
clectrode 222 of the first LED chip 22 and the second elec-
trode 212 of the lead frame 21 to form electrical connection;
molding a first transparent encapsulation 23 on the first LED
chip 22.

(2) providing a holding stage 40 has a receiving groove
410, and placing the first transparent encapsulation 23 into the
receiving groove 41.

(3) providing a second LED chip 24 included a first con-
tacting electrode 241, and an opposite second contacting
clectrode 242; agglutinating the first contacting electrode 241
of the second LED chip 24 on an opposite side of the first
clectrode 211 to the first LED chip 22 to form electrical
connection.

(4) welding a gold wire 26 on the second contacting elec-

trode 242 of the second LED chip 24 and the second electrode
212 of the lead frame 21 to form electrical connection.

(5) molding a second transparent encapsulation 25 on the
second LED chip 24 to form the light source device 20.

(6) demounting the light source device 20 from the holding
stage 40.

In the present embodiment, the first LED chip 22 and the
second LED chip 24 may be bonded with the first electrode
211 by die attach adhesive. When respectively forming the
first transparent encapsulation 23 and the second transparent
encapsulation 25 on the first LED chip 22 and the second LED
chip 24, parts of the first electrode 211 and the second elec-
trode 212 can be covered, and the uncovered part thereof may
be coated by insulating layer, such as insulation plastic, to
protect the first electrode 211 and the second electrode 212.

It 1s believed that the present invention and 1ts advantages
will be understood from the foregoing description, and it waill
be apparent that various changes may be made thereto with-
out departing from the spirit and scope of the mvention or
sacrificing all of 1ts material advantages, the examples here-

inbefore described merely being preferred or exemplary
embodiments of the invention.

What 1s claimed 1s:
1. A light source device comprising:

a lead frame, a first solid-state lighting chip, a first trans-
parent encapsulation, a second solid-state lighting chip,
and a second transparent encapsulation;

wherein the first solid-state lighting chip and the second
solid-state lighting chip are respectively located at two
opposite sides of the lead frame and electrically con-
nected thereto; and the first transparent encapsulation
and the second transparent encapsulation form a spheri-
cal profile and respectively encapsulate the first solid-
state lighting chip and the second solid-state lighting
chip.
2. The light source device of claim 1, wherein the first
solid-state lighting chip and the second solid-state lighting
chip are electrically connected in parallel.

3. The light source device of claim 1, wherein the first
solid-state lighting chip and the second solid-state lighting
chip are electrically connected in inverse parallel.
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4. The light source device of claim 1, wherein the first
transparent encapsulation and the second transparent encap-
sulation contain at least one of scattering particles, a phosphor
maternal, and heat conduction particles therein.

5. The light source device of claim 1, wherein the lead
frame 1ncludes a first electrode and a second electrode, the
first electrode 1includes a first surface and an opposite second
surface opposite, the first solid-state lighting chip 1s placed on
the first surface of the first electrode, the second solid-state
lighting chip 1s placed on the second surfaced of the first
clectrode, and the first solid-state lighting chip and the second
solid-state lighting chip are connected to the first electrode
and the second electrode.

6. The light source device of claim 1, wherein the lead
frame includes a first electrode and a second electrode, the
first solid-state lighting chip 1s placed on a first surface of the
first electrode, the second solid-state lighting chip 1s placed
on a second surface of the second electrode, the first surface of
the first electrode and the second surface of the second elec-
trode are respectively located at two opposite sides of the lead
frame, and the first solid-state lighting chip and the second
solid-state lighting chip are connected to the first electrode
and the second electrode.

7. The light source device of claim 1, further comprising a
conducting wire juxtaposed with the lead frame, the conduct-
ing wire having a first end, an opposite second end, and an
intermediate portion embedded 1n at least one of the first
transparent encapsulation and the second transparent encap-
sulation, the first end and the second end of the conducting
wire exposed outside the first transparent encapsulation and
the second transparent encapsulation.

8. The light source device of claim 7, wherein the first end
of the conducting wire and the first electrode cooperatively
form a first connector terminal, and the second end of the
conducting wire and the second electrode cooperatively form
a second connector terminal.

9. The light source device of claim 8, further comprising a
connector, wherein the connector 1s configured for electri-
cally coupling a first connector terminal of one light source
device to a second connector terminal of another similar light
source device.

10. A light source module, comprising a plurality of light
source devices electrically connected to each other, each of
the light source devices comprising:

a lead frame,

a first solid-state lighting chip;

a second solid-state lighting chip, the first solid-state light-
ing chip and the second solid-state lighting chip being
respectively located at two opposite sides of the lead
frame and electrically connected thereto;

a first transparent encapsulation encapsulating the first
solid-state lighting chip;

a second transparent encapsulation encapsulating the sec-
ond solid-state lighting chip, the first transparent encap-
sulation and the second transparent encapsulation form-
ing a spherical profile;

a conducting wire, juxtaposed with the lead frame, the
conducting wire having a first end, an opposite second
end, and an itermediate portion embedded 1n at least
one of the first transparent encapsulation and the second
transparent encapsulation, the first end and the second
end of the conducting wire exposed outside the first
transparent encapsulation and the second transparent
encapsulation, the first end of the conducting wire and
the first electrode cooperatively form a first connector
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terminal, and the second end of the conducting wire and
the second electrode cooperatively form a second con-
nector terminal; and

at least one connector, configured for electrically coupling
a first connector terminal of one light source device to a
second connector terminal of another similar light
source device.

11. The light source module of claim 10, further compris-
ing a loopback, wherein the light source devices are con-
nected in series to form a light source assembly, and the
loopback 1s electrically coupled to the first connector terminal
ol the light source device at one distal end of the light source
assembly, the second connector terminal of the light source
device at another distal end of the light source assembly 1s
configured for electrical connection to a power supply.

12. A light source device comprising;:

a lead frame, a first solid-state lighting chip, a first trans-
parent encapsulation, a second solid-state lighting chip,
and a second transparent encapsulation;

wherein the first solid-state lighting chip and the second
solid-state lighting chip are respectively located at two
opposite sides of the lead frame and electrically con-
nected thereto; and the first transparent encapsulation
and the second transparent encapsulation respectively
encapsulate the first solid-state lighting chip and the
second solid-state lighting chip; and

wherein the first transparent encapsulation has a first light
emitting surface, and light beams from the first solid-
state lighting chip are emitted out of the light source
device through the first light emitting surface, the second
transparent encapsulation has a second light emitting
surface, and light beams from the second solid-state
lighting chip are emitted out of the light source device

through the second light emitting surface.

13. The light source device of claim 12, wherein the lead
frame comprises a {irst electrode and a second electrode, the
first and second solid-state lighting chips are respectively
mounted on two opposite sides of the first electrode of the
lead frame and electrically connected therewith, the first and
second solid-state lighting chips are electrically connected to
the second electrode through metal wires connecting the first
and second solid-state lighting chips and the second elec-
trode.

14. The light source device of claim 12, wherein the first
transparent encapsulation and the second transparent encap-
sulation cooperatively form a spherical profile.

15. The light source device of claim 13, wherein the first
transparent encapsulation and the second transparent encap-
sulation cooperatively form a spherical profile.

16. The light source device of claim 12, wherein the lead
frame comprises a {irst electrode and a second electrode, the
first solid-state lighting chip 1s mounted on a first side of the
first electrode and electrically connecting therewith and the
second solid-state lighting chip 1s mounted on a second side
of the second electrode opposite the first side of the first
clectrode and electrically connecting therewith, the first
solid-state lighting chip has a contacting electrode electri-
cally connected to the second electrode via a metal wire, the
second solid-state lighting chip has a contacting electrode
clectrically connected to the first electrode via a metal wire.

17. The light source device of claim 16, wherein the first
transparent encapsulation and the second transparent encap-
sulation cooperatively form a spherical profile.

18. The light source device of claim 12, wherein the lead
frame comprises a {irst electrode and a second electrode, the
first solid-state lighting chip 1s mounted on a first side of the
first electrode and the second solid-state lighting chip 1s
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mounted on a second side of the second electrode opposite the 19. The light source device of claim 18, wherein the first
first side of the first electrode, the first solid-state lighting chip transparent encapsulation and the second transparent encap-
has contacting electrodes electrically connected to the first sulation cooperatively form a spherical profile.

and second electrodes via metal wires, the second solid-state
lighting chip has contacting electrodes electrically connected 5
to the first and second electrodes via metal wires. ¥ % ok k¥
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